The simian virus 40 (SV40) enhancer element is constituted of two domains which contain sequences important for late transcription (M. 
INTRODUCTION
The two overlapping early and late promoters of the SV40 genome located within the segment of ca. 400 base pairs (bp) extending from nucleotide (nt) 346 (Hpa II site) to nt 5170 (Hind III site) direct the early and late gene transcription in an opposite orientation with regard to one another. The SV40 early promoter is constituted by a set of at least three promoter elements. The first element, shared with most eucaryotic genes transcribed by RNA polymerase II, is a Golberg-Hogness box (TATA box) located 21 to 26 nt upstream from the "early-early" cap sites (1, 2). The second element is a guanine cytosine rich region containing six copies (G-C motifs) of a characteristic hexanucleotide 5'-GGGCGG-3'. Each of the G-C motifs can bind to the cellular transcription factor Spl (3, 4). The third element commonly referred to as enhancer, corresponds to the 72-bp direct repeats and extends 25 bp further upstream (5). The enhancer stimulates the efficiency of initiation of transcription from linked promoters irrespective of its orientation and to some extent of the distance separating this element from the start sites (6-9).
The SV40 late promoter is formed by at least two interrelated promoter elements. The first element, which we call the +7 to -53 element (10) is located from nt 332 to nt 273 and contains the major late initiation site (MLIS) at nt 325 (position +1) as well as some minor late initiation sites. It also includes sequences which specify the position of the majority of Initiation sites located in this element (10, 11) . Indeed a surrogate TATA box (nt 294 to nt 304) which directs the efficiency of in vitro transcription from the MLIS has been characterized in these sequences (12, 13) . The second element corresponds to the enhancer element defined above for the early promoter (14-16). This element appears to be the major control element of the late promoter acting before DNA replication, in the absence of T antigen (10, 14) as well as after viral DNA replication (17) . Moreover it has been proposed that T antigen induces cellular factor(s) responsible for the activation of late gene expression following viral DNA replication. Sequences required for T-antigen-med1ated trans-activation have been characterized within the enhancer element (18) (19) (20) . (17) . Moreover the position of the G-C motifs between the enhancer and the early initiation sites favors the early transcription before viral DNA replication (10).
In vivo expression of mutants deleted in the enhancer and jm vitro late promoter transcription analysis suggest that the G-C motifs belong also to the late promoter (8, 21-24). However 1n the absence of T antigen, the deletion of the G-C motifs results 1n a 3-to 4-fold Increase in late transcription
By analysing a series of deletion mutants, Ernoult-Lange et al. (17) identified two domains within the enhancer element which contain sequences important for efficient late transcription. The domain I which is located at the late proximal end of each 72-bp repeat, functions before replication and in the absence of T antigen. The domain II located at the late distal part of each 72-bp repeat corresponds to the sequences identified by Keller and Alwine (19) which appeared to be responsible for T-antigenmediated trans-activation. The contribution of this domain is much more significant after replication.
To determine more precisely the sequence requirements for late promoter activity before and after replication, we analysed a series of clustered point mutations generated throughout the enhancer region.
Results presented in this paper show that both domain I and II function before and after replication. Sequence motifs in these domains 
MATERIALS AND METHODS
Construction of recombinant plasmids I he recombinants plasmids pAO, pA20 to pA33 and pA91 to pA94 have been previously described (5) . In recombinant pAO, rabbit 8-globin genomic DNA is under the control of SV40 early promoter. The wild type sequence of the early promoter region (from nt 5171 to nt 346) was modified by deleting exactly one of the two 72-bp repeated sequences (from nt 107 to nt 178, see Fig. 1 ) and by generating a BamHI site at the junction (nt 101) between the 72-bp sequences and the G-C motifs. pA-type recombinants derive from pAO by Introducing a series of clustered point mutations throughout the enhancer region (see Fig. 1 
and ref. 5).
Plasmids pL113 (containing the entire late region from nt 113 to nt 2770), pL113-7 (derived from pL113 by inserting a Xhol linker into the SV40 EcoRI site (nt 1782) and pSVL7 (containing the entire SV40 regulatory region and late genes modified by Inserting a Xhol linker into the SV40 EcoRI site), have been described previously (10, 17) . pOL series. pOLO, pOL2O to 33 and pOL91 to 94 contain the regulatory region of F/h~e corresponding pA-type recombinant with the late genes in their authentic position relative to the late promoter. The B-glob1n gene has been deleted. A schematic representation of this series 1s presented 1n Fig. 2 . They were constructed as follows. A 6247-bp pLl13 fragment extending from the Kpnl site (nt 294 1n SV40) to the Nrul site (nt 972 1n pBR322) was ligated to a 274-bp SV40 fragment (nt 294 to 5190) derived by Kpnl -Stul cleavage of each one of the pA-type recorabinants.
The presence of the expected cluster of point mutations in each of the pOL series recombinants was checked by nucleotide sequence analysis. This analysis revealed a change for pOL24, the first thymidine of the three mutated nucleotides T-A-C present in plasmid pA24 being deleted (see fig. 1 ). The mutant which harbours this modification as compared to the parental mutation is thereafter called pOL24*. pL series. When compared with the pOL series the pL series is deleted for the origin sequences and the G-C motifs (Fig. 2) . These recombinants were constructed by ligation of a 46O5-bp pL113 fragment extending from the pBR322 BamHI site (nt 375) to the SV4O BamHI site (nt 2533), to a 2354-bp SV4O fragment extending from nt 179 to nt 2533 and derived by BamHI cleavage of each one of pOL series recombinants. The orientation of the inserted SV40 sequences was confirmed by restriction enzyme analysis.
Other techniques including cell growth, DNA transfection, RNA isolation and quantitative SI analysis were as previously described (10, 17).
RESULTS
We have determined at the nucleotide level, sequences within the enhancer element required for SV40 late gene expression. Our major interest was to Investigate whether the same sequence dependences were observed for late gene expression as previously characterized for the enhancer element involved in initiation of early genes. This comparison was made possible by studying an extensive set of point mutations in the enhancer element which were previously characterized for early promoter activity by recombinants and 10 ug of internal marker pSVL7 or pLl 13-7 respectively. This was analyzed as described in the legend to Fig. 3 except that 20 (jg of total RNA was hybridized to the 5'-end labelled probe. The dried gels were exposed to Kodak X-Omat AR film for 6 days without intensifying screen. Protected fragments 232 and 550 nt long correspond to 16 S mRNA transcribed from the test and marker plasmid respectively.
These mutants defined the P motif previously identified for the enhancer function.
As compared to result already published for early transcription (5) it is noticed that although mutations in this region are generally more detrimental for late than for early transcription there is a striking overlap between sequences important for late transcription after replication (called domain II by Ernoult-Lange et al. (17)) and sequences essential for enhancer activity (called domain A by Zenke et al. (5)) (see Fig. 1 ).
Effect of point mutations within the enhancer element, on late gene transcription preceding viral replication.
-Effect of point mutants on late promoter activity of the regulatory sequence in its entirety.
The pOL series which contains the complete SV40 late region, retains the entire late and early promoter sequences and an Intact origin of replication (Fig. 2) . The SV40 early genes are deleted from these plasmids It is interesting to note that as has been described for enhancer function of early promoter, the effect of individual point mutation are additive for late promoter activity. Nevertheless the same combination of point mutations present either in pA94, pOL94 and pL94 recombinants, decrease the efficiency of early transcription to a larger extent compared to that in late transcription.
This may be because mutations present in these recombinants preserve some sequences more critical for late than for early transcription. A systematic point mutation scanning analysis of the late distal moiety of the 72-bp repeat reveals a striking identity between the map position of domain A required for efficient early transcription (5) and domain II particularly involved in the efficiency of late transcription following DNA replication (see Fig. 1 and 5) . Moreover the sequence motifs Sph and P required for enhancer function within domain A are also identified when late promoter activity is monitored. 
